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L  INTRODUCTION  AND  BACKGROUND 
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In  compliance  with  Section  202  of  Public  Law  98-525,  the  Department  of  Defense 
(DOD)  is  conducting  a  demonstration  program  involving  the  operation  of  adminis¬ 
trative  vehicles  on  methanol  fuel.  Under  the  provisions  of  this  legislation,  the 
Department  of  Army  was  requested  to  purchase  new  methanol-compatible  auto¬ 
mobiles,  establish  the  durability  of  these  cars  in  laboratory  and  fleet  tests,  test  a 
percentage  in  cold  weather  environments,  and  resolve  related  support  functions 
relative  to  methanol  fuel  utilization. 

The  US  Army  has  structured  and  implemented  a  demonstration  program  directed  to 
develop  the  necessary  data  for  compliance  with  those  provisions  given  in  Section 
202  of  Public  Law  98-525.  The  program  was  initially  structured  to  consist  of  three 
phases,  each  building  upon  the  previous  in  terms  of  experience  gained.  Phase  I  was 
a  small  conversion  fleet  involving  only  five  converted  1984  General  Motors 
Chevrolet  Citation  sedans  operating  for  4,000  miles  to  demonstrate  the  applicabil¬ 
ity  of  the  Bank  of  America  (BofA)  conversion  technology  and  to  provide  a  means 
for  training  US  Army  personnel.  Phase  II  was  a  medium-fleet  conversion  involving 
twenty-five  converted  1985  General  Motors  Chevrolet  S-10  pickup  trucks.  These 
vehicles  were  to  operate  for  12,000  to  15,000  miles  as  a  means  to  establish  the 
durability  aspects  of  methanol-fueled  operation.  Phase  III  was  to  then  follow  with 
a  large  fleet  conversion  involving  up  to  one  thousand  vehicles  at  several  DOD 
installations. 

The  BofA  engine  conversion  technology  was  developed  and  has  been  utilized  in 
climatic  areas  where  cold  starting  and  driveability  problems  do  not  normally  occur. 
Since  the  congressional  legislation  requested  that  cold  starting  evaluations  be 
performed,  it  was  necessary  to  initially  define  the  lower  limits  of  startability  for 
the  two  engine  systems  (i.e.,  the  2.8-liter  V-6  and  2.5-liter  L-4).  The  cold  starting 
evaluations  were  conducted  at  Belvoir  Fuels  and  Lubricants  Research  Facility 
(SwRI),  San  Antonio,  TX  and  are  reported  herein. 
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A.  Equipment 

For  this  program,  four  test  vehicles  were  received  from  the  Phase  II  fleet  test  at 
Fort  Ord,  CA.Q)*  These  vehicles  consisted  of  1985  GM  S-10  pickup  trucks  in  the 
configurations  shown  in  TABLE  1. 


TABLE  1.  Test  Vehicle  Configurations 


License  No. 

Sticker  No. 

Fuel 

Engine 

CM2892 

T102 

M85 

2.8L  V-6 

CM2894 

T104 

M85 

2.5L  L-4 

CM2884 

T093 

Gasoline 

2.8L  V-6 

CM2890 

T099 

Gasoline 

2.5L  L-4 

The  gasoline  vehicles  (T093  and  T099)  were  selected  as  control  vehicles  with  which 
to  compare  the  M85  vehicles  (T102  and  T104).  Fig.  1  depicts  all  four  test  vehicles. 
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All  test  vehicles  had  been  purchased  new  by  the  US  Army  and  broken  in  for  a 
minimum  of  5000  miles.  The  M85  vehicles  were  then  converted  to  methanol  use 
using  the  Bank  Of  America  (BofA)  conversion  technology.(£,3)  To  provide  the 


*  Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the  end  of 
this  report. 
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cold-starting  environment,  a  commercial  refrigerated  trailer  was  rented.  The 
trailer  could  hold  two  test  vehicles  simultaneously,  maintaining  temperatures  of 
ambient  to  0°F  (-18°).  The  diesel-powered  refrigeration  system  on  the  trailer 
required  refueling  after  approximately  48  hours  of  operation.  A  4-inch-diameter 
hole  in  the  side  of  the  trailer  provided  a  passageway  for  instrument  wiring  and  the 
exhaust  pipe.  Specially  fabricated  ramps  facilitated  loading  of  the  test  vehicles 
into  the  trailer. 

The  fuel  systems  in  the  gasoline  vehicles  were  not  modified.  The  M85  vehicles, 
however ,  had  the  vehicle  fuel  tank  replaced  with  a  1-gallon  fuel  container  located 
in  the  bed  of  the  pickup  truck.  This  replacement  permitted  easy  fuel  changes  and 
minimized  the  amount  of  test  fuel  necessary  for  a  given  test.  The  1-gallon  fuel 
container  was  sealed  and  provided  the  same  inputs  and  outputs  as  the  vehicle- 
mounted  fuel  tanks.  Methanol-resistant  fuel  lines  connected  the  fuel  container  to 
the  truck  fuel  lines.  The  exhaust  pipes  from  the  test  vehicles  were  routed  to 
flexible  stainless  steel  hoses,  teed  into  a  common  hose,  and  routed  out  of  the 
trailer.  Combustion  air  entered  the  box  through  the  instrument  line  hole,  as  well 
as  through  the  numerous  small  leaks  in  the  cold  box  structure. 

B.  Instrumentation 

Each  test  vehicle  was  instrumented  to  provide  fuel  temperature,  exhaust  tempera¬ 
ture,  oil  sump  temperature,  cranking  current,  rpm,  battery  voltage,  and  throttle 
position.  All  temperatures  were  monitored  with  type  J  thermocouples.  Cranking 
current  was  monitored  by  using  a  shunt  (300  A  on  the  V-6  and  400  A  on  the  L-4)  on 
the  positive  battery  cable  with  a  millivolt  recorder  monitoring  the  output  from  the 
shunt.  Throttle  position  was  monitored  by  tapping  the  stock  throttle  position 
potentiometer  installed  in  the  fuel-metering  device  of  each  vehicle  and  using  a 
digital  voltmeter  (DVM)  as  an  indicator.  Engine  speed  was  monitored  by  installing 
a  magnetic  speed  pickup  on  the  flywheel  of  each  vehicle  and  monitoring  the  signal 
on  a  digital  speed  readout  adjusted  for  the  number  of  teeth  on  the  flywheel.  In 
addition,  the  speed  signal  was  converted  to  a  voltage  and  recorded  on  a  chart 
recorder.  Throttle  position  was  controlled  by  installing  an  air  cylinder  on  the 
throttle  of  each  vehicle  and  actuating  it  with  an  air  regulator. 


JO. 


ft# 

.  *  jr*  4  ' 


V-’ 

.'•v-v. 


■:>v. 


V  V 

j  \VJ> 

AA* 


*3 


The  control  station  for  the  vehicles  was  located  in  a  building  adjacent  to  the 
refrigerated  trailer  to  enable  the  operator  to  monitor  the  exhaust  of  the  vehicles 
through  a  window  from  a  range  of  approximately  20  feet.  Remote  operation  was 
selected  rather  than  direct  operator  starting  in  order  to  minimize  danger  to  the 
operator  from  operating  a  vehicle  in  a  closed,  potentially  fire  hazardous  and  cold 
environment.  The  vehicle  ignition  and  starting  systems  were  operated  by  relays  in 
order  to  minimize  DC  voltage  drops  in  the  long  control  lines.  Vehicle  batteries 
were  kept  fully  charged  with  trickle  charge  battery  chargers  throughout  the  test  in 
order  to  provide  uniform  cranking  conditions. 

C.  Materials 


The  gasoline  purchased  for  use  in  this  program  was  a  summer  grade  regular 
unleaded  gasoline  with  a  Reid  Vapor  Pressure  (RVP)  of  approximately  9.8.  To 
simulate  a  winter  grade  gasoline,  n-butane  was  added  to  the  purchased  gasoline  to 
raise  the  RVP  to  13.6.  the  approximate  RVP  which  would  probably  be  available 
during  normal  cold  weather  starting  periods.  The  winter  grade  gasoline  was  stored 
in  a  cold  box  at  approximately  38°F  (3.3°C).  Gasoline  was  removed  from  the  cold 
box  as  needed  for  the  baseline  vehicle  tests  and  for  mixing  with  methanol  for  the 
methanol-fueled  M85  and  M82  vehicle  tests.  The  fuel  properties  for  the  M85  and 
the  M82  fuels  are  presented  in  TABLE  2. 

Two  different  engine  lubricants  were  used  in  this  series  of  cold-start  tests.  The 
first  lubricant  was  the  lubricant  recommended  by  BofA  for  use  in  the  methanol 
vehicles  converted  using  BofA  technology.  This  lubricant  is  a  commercially 
available  SAE  40  engine  oil  with  the  Bof  A-added  proprietary  additive.  The  second 
lubricant  in  the  program  was  a  MIL-L-46152  grade  10W-30  lubricant  of  the  same 
viscosity  that  would  normally  be  used  in  administrative  vehicle  engines  during  cold 
weather.  TABLE  3  presents  lubricant  properties  for  the  base  SAE  40  oil  used  by 
BofA  for  its  recommended  lubricant,  the  formulated  BofA  lubricant,  and  the  MIL¬ 
L-46152  lubricant  used  in  this  program. 
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TABLE  2.  Fuel  Properties 

Property 

Method 

M85 

M82 

Reid  Vapor  Pressure,  psig 

D  323 

10.15 

10.00 

V/L  Ratio  =  20,  °C 

Distillation,  °C 

* 

60.0 

61.1 

IBP 

D  86 

39.4 

36.1 

5% 

D  86 

56.7 

52.8 

10% 

D  86 

60.0 

58.9 

20% 

D  86 

62.8 

62.8 

30% 

D  86 

63.9 

63.9 

40% 

D  86 

64.4 

64.4 

50% 

D  86 

64.4 

64.4 

60% 

D  86 

64.4 

65.0 

70% 

D  86 

65.0 

65.6 

80% 

D  86 

68.9 

67.2 

90% 

D  86 

73.3 

67.8 

95% 

D  86 

75.0 

72.2 

EP 

D  86 

185.6 

180.6 

Recovered,  mL 

D  86 

99.0 

99.0 

Residue,  mL 

D  86 

0.5 

0.5 

Loss,  mL 

D  86 

0.5 

0.5 

Water,  ppm 

D  1744 

378 

383 

Gum,  unwashed,  mg/100  mL 

D  381 

0.7 

1.1 

Gum,  washed,  mg/100  mL 

D  381 

0.4 

0.1 

Particulates,  mg/L 

D  2276 

0.2 

0.3 

ASTM  Appendix  X2  (Bomb) 
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TABLE  3. 

Lubricant  Properties 

BofA  Base 

BofA 

Property 

Method 

Lubricant 

Lubricant 

MIL-L-46152 

Viscosity  at  100°C, 

cSt 

D  445 

14.0 

14.2 

10.6 

Viscosity  at  40°C, 

cSt 

D  445 

136.6 

137.8 

69.3 

Viscosity  Index 

Total  Acid  Number, 

D  2270 

100 

100 

140 

mg  KOH/g 

Total  Base  Number, 

D  664 

2.68 

2.86 

2.93 

mg  KOH/g 

D  664 

10.50 

10.40 

6.04 

D .  Test  Procedure 


1.  Starting  Procedure 

The  starting  procedures  for  all  vehicles  were  taken  from  the  1985  GM  S-10 
Owner's  Manual  (4)  and  modified  slightly  to  optimize  the  methanol  startability. 
To  provide  realistic  starting  conditions  for  both  vehicles,  an  18-hour  cold  soak  was 
used.  This  cold  soak  consisted  of  beginning  cooldown  at  1200  hours  and  performing 
the  start  attempt  at  0800  hours  the  following  day.  If  a  vehicle  failed  to  start,  the 
temperature  in  the  trailer  was  raised  by  opening  the  doors.  The  vehicle  was  then 
started  and  idled  for  10  minutes  to  purge  the  unburned  fuel  from  the  combustion 
chamber.  Otherwise,  the  unburned  fuel  could  adversely  affect  the  next  start 
attempt.  The  starting  procedures  for  the  carbureted  V-6  vehicles  were: 

•  Turn  ignition  key  on  and  wait  30  seconds. 

•  Push  the  accelerator  to  the  floor  and  slowly  release.  Repeat  this 
procedure  two  more  times. 

•  Crank  the  engine  with  no  throttle  for  a  maximum  of  15  seconds.  If  the 
engine  fails  to  start,  wait  a  minimum  of  30  seconds  and  try  again. 

•  Perform  three  start  attempts.  Continue  to  perform  start  attempts 
using  the  throttle  at  1/4  to  1/2  open  until  the  cranking  rpm  decrease. 

•  If  the  engine  fails  to  start,  it  must  be  started  later  to  purge  any  fuel 
remaining  in  the  combustion  chamber. 

The  ignition  on  the  V-6  vehicle  was  turned  on  30  seconds  early  in  order  to  preheat 
the  fuel  grid  heater  under  the  carburetor  prior  to  pumping  the  accelerator, 
thus  optimizing  fuel  vaporization.  The  three  pumps  provided  a  very  rich  starting 
mixture,  which  is  in  keeping  with  the  cold  starting  procedure  from  the  S-10 
owner's  manual. 


For  the  2.5L  L-4  engine,  the  starting  procedure  was: 

With  no  throttle,  crank  the  engine  for  a  maximum  of  15  seconds.  If  the 
engine  fails  to  start,  wait  a  minimum  of  30  seconds  and  try  again.  If  the 
engine  still  fails  to  start,  depress  the  accelerator  and  hold  while  cranking  for 
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•  maximum  of  IS  seconds.  Continue  to  attempt  starts  until  the  cranking  rpm 
decreases.  If  the  engine  fails  to  start,  it  must  be  started  later  to  purge  any 
fuel  remaining  in  the  combustion  chamber. 
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2.  Gasoline-Fueled  Vehicles 

The  gasoline  control  vehicles  were  tested  first  to  establish  baseline  data  against 
which  to  compare  the  methanol  vehicles.  Test  temperatures  for  the  gasoline 
vehicles  were  begun  at  0°F  (-18°C)  since  these  vehicles  were  designed  to  start 
under  sub-zero  conditions.  Each  start  attempt  began  by  recording  before-test 
conditions.  These  data  consisted  of  oil  sump,  fuel,  exhaust  pipe,  and  inlet  air 
temperatures;  and  engine,  fuel,  date,  operator,  lubricant,  and  initial  battery 
voltage.  The  start  attempt  was  timed  with  a  stop  watch  for  the  desired  IS  seconds 
of  cranking  time.  During  the  start  attempt,  cranking  speed  and  cranking  amps 
were  recorded  on  a  strip-chart  recorder  to  provide  a  permanent  record  of  the 
starting  conditions  and  to  allow  judgments  of  the  validity  of  a  start  attempt.  After 
the  start  attempt,  the  aforementioned  temperatures  were  recorded  again.  The 
number  of  stopwatch  seconds  to  start  was  also  recorded.  The  gasoline  vehicles 
were  tested  with  an  SAE  40  lubricant  with  a  Bof  A  additive  and  with  a  winter  grade 
unleaded  fuel. 

3.  Methanol-Fueled  Vehicles 

The  same  starting  procedures  used  for  the  gasoline  vehicles  were  also  used  for  the 
M85  vehicles.  Beginning  test  temperature  for  the  M85  vehicles  was  ambient 
temperature  (83°F)  (28°C)  in  order  to  assure  good  warm  weather  startability.  Test 
temperatures  were  lowered  until  both  vehicles  failed  to  start.  The  limit  of 
cranking  time  was  the  limit  of  the  battery.  Start  attempts  were  continued  until  a 
noticeable  drop  in  cranking  rpm  was  evident,  which  generally  required  4  to  10 
attempts,  depending  upon  temperature  and  battery  condition. 

Early  in  the  testing,  the  methanol-fueled  L-4  vehicle  demonstrated  very  poor 
startability.  Even  at  ambient  temperatures,  the  vehicle  was  difficult  to  start. 
Conversations  with  Bof  A  personnel  indicated  that  there  was  a  probable  maladjust¬ 
ment  of  the  fuel  injection  system.  The  fuel  injection  system  was  adjusted  by  cold 
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tuning  the  vehicle  using  a  carbon  monoxide  meter  and  the  BofA  procedure  to 
provide  the  richest  starting  mixture  that  the  specification  would  allow.  This 
adjustment  was  intended  to  optimize  cold  startability  and  it  improved  cold 
startability  markedly. 

Several  different  configurations  of  the  M85  vehicles  were  tested.  Minimum 
starting  temperature  was  first  obtained  for  both  vehicles  using  M85  fuel  and  an 
SAE  40  lubricant  with  BofA  additive.  Then  the  vehicles  were  tested  with  M85  fuel 
and  a  10W-30  lubricant.  The  fuel  was  then  changed  to  M82  (82  percent  methanol  + 
18  percent  winter  grade  unleaded  gasoline),  and  the  same  10W-30  lubricant  was 


In  addition  to  the  fuel  and  lubricant  changes,  an  electric  block  heater  was  used  on 
the  L-4  vehicle.  Since  the  L-4  vehicle  had  demonstrated  poorer  startability  than 
the  V-6,  the  reasoning  was  that  if  the  L-4  would  start  with  the  block  heater,  then 
the  V-6  would  also.  The  110-volt,  1000-watt  block  heater  was  connected  to  the 
heater  hoses  of  the  engine.  A  variable  transformer  (variac)  varied  the  voltage  to 
the  heater  and  provided  700  watts  of  heat  to  the  engine.  In  practice,  the  heater 
was  turned  on  20  hours  before  each  start  attempt.  The  full  1000  watts  of  power 
was  not  used  since  the  heater  was  sized  for  larger  vehicles  than  the  L-4. 

4.  Test  Problems 

During  the  tests,  several  problems  arose.  The  refrigerated  trailer  was  replaced  due 
to  a  cooling  system  failure.  Since  the  refrigeration  system  required  fueling  every 
48  hours,  it  was  difficult  to  run  a  start  attempt  on  Monday  mornings.  In  order  to 
run  five  tests  per  week,  it  was  necessary  to  start  the  cooldown  cycle  on  Sundays. 
An  attempt  was  made  to  measure  relative  humidity  in  the  cold  box  in  order  to 
account  for  its  effects  in  the  analysis  of  the  cold  start  data.  This  was  difficult 
since  it  required  a  person  to  enter  the  cold  box  to  perform  the  measurement.  A 
person  entering  the  cold  box  before  the  test  allowed  entry  of  ambient  air  and 
disturbed  the  initial  test  temperatures.  In  addition,  many  of  the  test  temperatures 
were  below  the  operating  range  of  the  humidity  meter  [32°F  (0°C)  to  ambient]. 
After  several  humidity  measurements,  the  portable  humidity  instrument  failed,  and 
further  measurements  were  abandoned. 
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During  the  tests  with  the  block  heater,  the  oil  sump  temperature  increased  along 
with  the  water  temperature.  In  all  other  tests,  the  oil  sump  temperature  was  used 
as  the  test  temperature  since  it  represents  a  thermal  mass  and  is  more  representa¬ 
tive  of  average  temperature.  For  the  block  heater  tests,  the  fuel  temperature  (in 
the  small  fuel  container)  was  recorded  as  the  test  temperature. 


QL  DISCUSSION  OF  RESULTS 

A.  Gasoline-Fueled  Vehicles 

The  gasoline  control  vehicles  were  successfully  started  at  0°F  (18°C).  Refrigera¬ 
tion  equipment  limitations  did  not  permit  testing  at  temperatures  much  lower  than 
0°F.  The  cold  starting  of  the  gasoline  vehicles  was  very  dependent  on  the  purging 
of  unburned  fuel  from  previous  start  attempts.  Therefore,  each  vehicle  was  run  for 
10  to  15  minutes  after  starting  to  assure  uniform  starting  conditions  for  the  next 
test.  This  is  a  realistic  condition,  since  the  vehicle  will  be  cold  soaked  after 
running  for  extended  periods  of  time  in  the  field.  Part  of  this  effect  may  be  due  to 
the  interaction  of  the  computer-controlled  fuel  mixture  on  each  engine.  The 
objective  of  the  baseline  runs  was  met  since  both  gasoline-fueled  vehicles 
demonstrated  good  startability  at  the  limits  of  the  refrigeration  equipment. 

B.  Methanol-Fueled  Vehicles 

Cold  starting  data  for  the  V-6  and  L-4  methanol  vehicles  are  tabulated  in 
Appendices  A  and  B,  respectively.  Several  runs  were  invalidated  by  failure  to 
crank  until  the  battery  voltage  declined,  improper  use  of  the  block  heater, 
nonadherence  to  the  starting  procedure,  or  a  short  cold-soak  period.  These  runs 
are  noted  in  the  appendices. 

Starting  time  versus  temperature  for  the  V-6  methanol  vehicle  is  plotted  in  Fig.  2. 
Start  attempts  in  which  the  engine  failed  to  start  are  not  shown  on  the  graph  but 
are  indicated  as  no  start  (NS)  in  Appendix  A.  Curves  associated  with  the  data 
points  are  least  squares  curve  fits.  Equations  for  the  lines  and  R^  statistics  are 
shown  in  TABLE  4.  Starting  time  (Y)  is  in  seconds  and  temperature  (X)  is  in  °F.  In 
Fig.  2,  a  line  is  drawn  indicating  the  45-second  cranking  limit.  The  limit  of  45 
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Figure  2.  V-6  Methanol  Vehicle  Cold  Startabilit 


TABLE  4.  Starting  Time  Prediction  Equations  for  V-6  Methanol  Vehicle 

r’ _ uoc  (c  a  c  A  n  v  _  inn  ooc(”®*0578X) 


For  M85  fuel/SAE  40  lubricant,  Y  =  122. 89E' 
R2  =  0.774 


For  M85  fuel/10W-30  lubricant,  Y  =  0.128X  -  9.262X  +  1731.13 
R2  =  0.960 


For  M82  fuel/10W-30  lubricant,  Y  =  0.091X  -  5.418X  +  91.622 


seconds  was  chosen  as  the  limit  of  startability  since  it  represents  three  start 
attempts  of  15  seconds  each. 
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This  is,  in  reality,  a  very  long  cranking  time  and  is  close  to  the  practical  limit  that 
a  cold  battery  will  sustain.  The  fully  charged  batteries  of  the  test  vehicles 
represent  a  best  case  in  terms  of  cranking  duration.  Warm  batteries  were  not  used 
since  this  would  be  considered  an  additional  modification  (starting  aid).  Data 
above  the  45-second  line  should  be  considered  applicable  only  to  fully  charged 
starting  systems  in  good  repair,  and  in  which  the  operator  attempts  starting  until 
the  battery  is  exhausted.  A  great  deal  of  scatter  is  evident  in  the  data.  This 
scatter  is  virtually  unavoidable  in  cold  starts  due  to  the  complexity  of  the  starting 
process.  To  obtain  more  accurate  curves  would  require  extensive  testing  and  a 
large  number  of  data  points  to  average.  Obtaining  this  data  would  be  costly  in 
terms  of  money  and  time  since  each  start  attempt  requires  a  cold  soak  of  20  hours 
to  be  realistic. 


Referring  again  to  Fig.  2,  the  use  of  the  10W-30  lubricant  had  little  effect  at  the 
warmer  temperatures,  but  did  lower  the  low  temperature  starting  by  approximately 
5  degrees.  This  lower  starting  temperature  was  probably  the  result  of  increased 
cranking  time  made  possible  by  the  decreased  viscosity  of  the  multiviscosity 
lubricant.  This  benefit  begins  to  take  effect  in  the  5°  (-15°C)  to  10°F  (-12°C)  range. 


Use  of  the  M82  fuel  with  the  10W-30  lubricant  significantly  improved  cold 
startability  of  the  V-6  engine.  Use  of  this  combination  decreased  the  minimum 
starting  temperature  by  approximately  10°F  (-12°C)  when  compared  to  the 
M85/SAE  40  configuration.  This  is  probably  a  vapor  pressure  and  volatility  effect 
coupled  with  the  increased  cranking  times  made  possible  by  the  multiviscosity 
lubricant. 


Fig.  3  depicts  the  starting  data  from  the  L-4  engine.  Note  that  more  engine 
configurations  were  tested  since  this  engine  received  a  coolant-heater  starting  aid. 
The  M85/SAE  40  RECAL  curve  is  similar  to  the  M85/SAE  40  curve  except  allow¬ 
able  fuel  injection  system  was  recalibrated  to  provide  the  richest  starting  mixture 
that  by  BofA  conversion  procedure.  This  optimization  produced  an  improvement  in 
startability  of  approximately  17°F  (-8°C).  Again,  all  curves  are  least-squares  curve 
fits.  A  reference  line  is  drawn  at  the  45-second  cranking  time.  The  M85/10W-30 
curve  is  very  short,  although  not  from  lack  of  colder  start  attempts  but  from  the 
fact  that  all  start  attempts  lower  than  37°F  (3°C)  failed.  The  M82/10W-30  curve 
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Figure  3.  L-4  Methanol  Vehicle  Cold  Startability 

is  5  to  10  degrees  shifted  from  the  M85/SAE  40  curve,  indicating  that  the 
combination  of  M82  volatility  characteristics  and  10W-30  viscosity  characteristics 
is  beneficial  to  the  startability  of  the  L-4  engine. 

The  M85/10W-30+HEAT  curve  indicates  that  the  use  of  the  block  heater  can  enable 
easy  starts,  even  at  sub-zero  temperatures.  This  improvement  is  significant,  since 
the  retrofit  of  block  heaters  is  an  easy  procedure  that  should  extend  the  usable 
temperature  range  of  these  vehicles.  This,  of  course,  assumes  that  120-volt 
electric  power  is  available  in  those  areas  at  which  the  vehicles  will  park  for 
extended  periods  of  time,  and  that  personnel  will  plug  them  in.  As  noted  earlier, 
temperatures  for  this  curve  were  obtained  from  the  fuel  containers  rather  than  the 
oil  sumps  since  the  oil  sump  receives  some  heat  from  the  block  heater.  TABLE  5 
lists  the  starting  time  prediction  equations  for  the  L-4  vehicle. 
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TABLE  5.  Starting  Time  Prediction  Equations  for 
L-4  Methanol  Vehicle 


For  M85  fuel/SAE  40  lubricant,  Y  =  1495.83E(“°,0738X) 
r2  =  0.858 

For  M85  fuel/10 W-30  lubricant,  Y  =  93.874E(_0,0345X) 
r2  =  0.059 

For  M85  fuel/10W-30  lubricant,  and  heat,  Y  =  9.928E('°*0776X) 
r2  =  0.481 

For  M82  fuel/10W-30  lubricant,  Y  =  0.188X2  -14.685X  +  292.94 
R2  =  0.611 

For  M85  fuel/SAE  40  lubricant,  recalibrated,  Y  =  517.368E(-0'0842X) 
R2  =  0.457 


Fig.  4  depicts  minimum  starting  temperatures  for  each  of  the  configurations 
tested.  For  purposes  of  this  illustration,  minimum  starting  temperature  is  taken 


Figure  4.  Methanol  Vehicle  Minimum  Starting  Temperatures 


as  the  point  where  each  curve  from  Fig.  2  and  3  crosses  the  45-second  line.  In 
real  terms,  the  minimum  starting  temperature  shown  in  Fig.  4  approximates  the 
minimum  temperature  at  which  a  persistent  operator,  following  the  extreme  cold 
start  procedure  from  the  owner's  manual,  could  start  his  vehicle.  As  in  any  real- 
life  situation,  uncertainties  exist  that  could  skew  the  minimum  starting  tempera¬ 
tures.  Humidity,  battery  conditions,  starting  procedure,  and  fuel  system  mainte¬ 
nance  are  but  a  few  of  the  factors  that  can  affect  cold  startability.  The  results 
obtained  herein  are  from  only  two  vehicles  and  do  not  represent  the  composite 
average  of  an  entire  fleet.  Nevertheless,  valid  trends  and  approximate  starting 
temperatures  were  obtained. 


IV.  CONCLUSIONS 

Gasoline  control  vehicles  demonstrated  good  cold  startability  at  sub-zero 
temperatures  with  a  winter  grade  gasoline  and  an  SAE  40  lubricant. 

The  carbureted  V-6  methanol  vehicle  demonstrated  significantly  better  cold 
startability  than  the  throttle-body  injected  L-4  engine.  This  better  startabil¬ 
ity  is  thought  to  be  due  to  the  heated  grid  beneath  the  carburetor,  as  well  as 
to  the  better  initial  mixture  control  afforded  the  operator  by  this  configura¬ 
tion.  In  a  fleet  of  vehicles,  the  L-4  vehicle  would  be  the  limiting  case  in 
terms  of  cold  startability. 

Below  temperatures  of  47°F  (8°C),  the  L-4  vehicle  with  M85  fuel/SAE  40 
lubricant  will  experience  starting  problems.  This  temperature  limit  can  be 
reduced  to  approximately  25°F  (-4°C)  by  optimizing  (enriching)  the  fuel 
mixture,  and  using  M82  fuel  (higher  volatility)  with  a  multiviscosity  lubricant. 
Sub-zero  starts  are  possible  using  a  block  heater,  M85  fuel,  and  a  10W-30 
lubricant. 

Below  temperatures  of  20°F  (-7°C),  the  V-6  vehicle  with  M85  fuel/SAE  40 
lubricant  will  experience  starting  problems.  This  temperature  limit  can  be 
reduced  to  approximately  10°F  (-12°C)  by  using  M82  fuel  and  a  10W-30 
lubricant.  Use  of  a  block  heater  on  this  vehicle  should  enable  sub-zero  starts 
even  using  M85  and  an  SAE  40  lubricant. 
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V.  RECOMMENDATIONS 


Starting  aids  should  be  used  for  these  vehicles  when  temperatures  are 
expected  to  drop  below  47°F  (8°C).  Block  heaters  should  be  considered  since 
good  sub-zero  startability  was  obtained  in  this  test  program. 

A  multiviscosity  lubricant  should  be  used  in  these  vehicles  for  extreme  cold 
weather  (<15°F)  (<-9°C)  starting.  This  would  require  cooperation  with  BofA 
in  order  to  formulate  in  the  correct  anti-wear  additive. 

The  use  of  a  higher  volatility  fuel  (M82)  should  be  considered  for  cold 
weather  starting  in  lieu  of  starting  aids.  BofA  should  be  consulted  before 
doing  this,  however,  since  deposit  or  emission  problems  may  result. 

Additional  cold  start  testing  of  these  vehicle  configurations,  while  desirable 
to  obtain  more  representative  cold  starting  limits,  would  probably  not  be 
economically  justifiable. 
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COLD-STARTING  DATA  FOR  V-6  METHANOL  VEHICLE 


Inlet  Air 
Temperature, 
°F  (°C) 


Oil  Sump  Exhaust  Fuel 

Temperature,  Temperature,  Temperature, 

°F  (°C)  °F  (°C)  °F  (°C) 

SAE  40  Lubricant/M85  Fuel 


Time, 

Seconds 


80 

( 

-0.5) 

82 

( 

28 

) 

78 

(  25  ) 

80 

( 

27 

) 

2 

46 

( 

8 

) 

46 

( 

8 

) 

46 

(  8) 

46 

( 

8 

) 

8 

46 

( 

8 

) 

46 

( 

8 

) 

47 

(  8) 

46 

( 

8 

) 

8 

45 

( 

7 

) 

47 

( 

8 

) 

45 

(  7) 

47 

( 

8 

) 

5 

48 

( 

9 

) 

50 

( 

10 

) 

50 

<  10  ) 

50 

( 

10 

) 

5 

35 

( 

2 

) 

40 

( 

4 

) 

43 

(-6) 

44 

( 

7 

) 

9 

36 

( 

2 

) 

37 

( 

3 

) 

39 

(  4) 

37 

( 

3 

) 

7 

26 

( 

-3 

) 

28 

( 

-2 

) 

28 

(-2) 

26 

( 

-3 

) 

NS 

26 

( 

-3 

) 

28 

( 

-2 

) 

28 

(-2) 

27 

( 

-3 

) 

25 

27 

( 

-3 

) 

28 

( 

-2 

) 

28 

(-2) 

28 

( 

-2 

) 

75 

32 

( 

0 

) 

33 

( 

0.5) 

34 

(  1) 

33 

( 

0.5) 

15 

32 

( 

0 

) 

33 

( 

0.5) 

34 

(  1) 

32 

( 

0 

) 

9 

22 

( 

-6 

) 

23 

( 

-5 

) 

23 

(-5) 

22 

( 

-6 

) 

45 

17 

( 

-8 

) 

18 

( 

-8 

) 

18 

(-8) 

17 

( 

-8 

) 

75 

12 

(- 

•11 

) 

15 

( 

-9 

) 

13 

(-11) 

12 

(- 

-11 

) 

120 

6 

(- 

-14 

) 

9 

(- 

-13 

) 

7 

(-14) 

9 

(- 

-13 

) 

135 

-1 

(- 

-18 

) 

2 

(- 

-17 

) 

1 

(-17) 

-1 

(- 

-18 

) 

NS 

8 

(- 

-13 

) 

10 

(- 

-12 

) 

9 

(-13) 

9 

(- 

-13 

) 

37 

3 

(- 

-16 

) 

5 

(- 

-15 

) 

5 

(-15) 

4 

(- 

-16 

) 

45 

10W-30  Lubricant/M85  Fuel 


17  (-8  ) 

20  (-7  ) 

19  (-7) 

19  (-7  ) 

42 

6  (-14  ) 

10  (-12  ) 

10  (-12  ) 

10  (-12  ) 

90 

1  (-17  ) 

6  (-14  ) 

14  (-10  ) 

9  (-13  ) 

NS 

3  (-16  ) 

5  (-15  ) 

4  (-16  ) 

3  (-16  ) 

NS 

8  (-13  ) 

9  (-13  ) 

10  (-12  ) 

8  (-13  ) 

120 

12  (-11  ) 

13  (-11  ) 

14  (-10  ) 

12  (-11  ) 

60 

-2  (-19  ) 

0  (-18  ) 

2  (-17  ) 

-3  (-19  ) 

165 

-3  (-19  ) 

-1  (-18  ) 

1  (-17  ) 

-2  (-19  ) 

NS 

28  (-2  ) 

30  (  -  1  ) 

30  (  -  1  ) 

30  (  -  1  ) 

9 

38  (  3  ) 

37  (  3  ) 

38  (  3  ) 

36  (  2  ) 

3 

23  (  -5  ) 

23  (  -  5  ) 

24  (-4) 

23  (  -  5  ) 

11 

12  (  11  ) 

13  (-11  ) 

13  (-11  ) 

12  (-11  ) 

90 

32  (  0  ) 

35  (  2  ) 

32  (  0  ) 

31  (-0.5) 

10 

34  (  1  ) 

35  (  2  ) 

35  (  2  ) 

34  (  1  ) 

10 

36  (  2  ) 

37  (  3  ) 

37  (  3  ) 

35  (  2  ) 

9 

NS  =  No  Start. 
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COLD-STARTING  DATA  FOR  V-6  METHANOL  VEHICLE  (CONTD) 


Inlet  Air 
Temperature, 


Oil  Sump 
Temperature , 
°F 


Exhaust 
Temperature, 
°F 


Fuel 

Temperature, 


10W-30  Lubrieant/M82  Fuel 


*  =  Dropped  from  analysis  due  to  experimental  error. 

NS  =  No  Start. 

ND  =  No  Data. 


Cranking 

Time, 

Seconds 


25 

( 

-4 

) 

29 

( 

-2 

) 

29  (  -2) 

29 

( 

-2 

) 

54* 

27 

( 

-3 

) 

30 

( 

-1 

) 

30  (-1) 

29 

( 

-2 

) 

8.5 

17 

( 

-8 

) 

18 

( 

-8 

) 

18  (-8) 

16 

( 

-9 

) 

8 

6 

(- 

-14 

) 

8 

(- 

-13 

) 

7  (-14) 

5 

(- 

-15 

) 

45 

-4 

(- 

-20 

) 

-1 

(- 

-18 

) 

-3  (-19) 

-4 

(- 

-20 

) 

NS 

11 

(- 

-12 

) 

14 

(- 

-10 

) 

10  (-12) 

9 

(- 

-13 

) 

45 

2 

(- 

-17 

) 

4 

(■ 

-16 

) 

2  (-17) 

2 

(- 

-17 

) 

75 

0 

(- 

-18 

) 

1 

(- 

-17 

) 

ND 

-1 

(- 

-18 

) 

87 

22 

( 

-6 

) 

23 

( 

-5 

) 

ND 

21 

( 

-6 

) 

30 

24 

( 

-4 

) 

26 

( 

-3 

) 

ND 

24 

( 

-4 

) 

8 

30 

( 

-1 

) 

31 

( 

-0. 

5) 

ND 

30 

( 

-1 

) 

11 

31 

( 

-0. 

5) 

32 

( 

0 

) 

ND 

31 

( 

-0. 

5) 

40* 

mm®*-  fiiliPiii 
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COLD-STARTING  DATA  FOR  L-4  METHANOL  VEHICLE 


Inlet  Air 

Oil  Sump 

Exhaust 

Fuel 

Cranking 

Temperature , 

Temperature , 

Temperature, 

Temperature, 

Time, 

°F  (°C) 

op  (0C) 

op  (oc) 

Op  (oC) 

Seconds 

SAE  40  Lubricant/M85  Fuel 


82  (  28  ) 

83  ( 

34  ) 

140  (  60  ) 

80  (  27  ) 

3 

48  (  9  ) 

48  ( 

9  ) 

51  (  10  ) 

46  (  8  ) 

NS* 

47  (  8  ) 

46  ( 

8  ) 

132  (  55  ) 

47  (  8  ) 

72 

48  (  9  ) 

47  ( 

8  ) 

50  (  10  ) 

47  (  8  ) 

20 

53  (  12  ) 

56  ( 

13  ) 

136  (  58  ) 

50  (  10  ) 

33 

44  (  7  ) 

45  ( 

7  ) 

47  {  8  ) 

40  (  4  ) 

82 

38  (  3  ) 

38  ( 

3  ) 

37  (  3  ) 

38  (  3  ) 

77 

28  (  -  2  ) 

28  ( 

-2  ) 

26  (-3  ) 

29  ( -  2  ) 

NS 

28  (-2  ) 

28  ( 

-2  ) 

127  (  53  ) 

27  (  -  3  ) 

NS 

29  (-2  ) 

29  ( 

-2  ) 

28  (-2  ) 

27  (-3  ) 

NS 

33  (  0.5) 

33  ( 

0.5) 

32  (  0  ) 

32  (  0  ) 

84 

34  (  1  ) 

34  ( 

1  ) 

32  (  0  ) 

32  (  0  ) 

96 

23  (-5  ) 

24  ( 

-4  ) 

163  (  73  ) 

24  (-4  ) 

NS* 

10W-30  Lubrioant/M85  Fuel.  Block  Heater 

43  (-6  ) 

25  ( 

-4  ) 

19  (-7  ) 

18  (-8  ) 

45* 

38  (  3  ) 

13  (-11  ) 

10  (-12  ) 

8  (-13  ) 

NS* 

38  (  3  ) 

13  (-11  ) 

7  (-14  ) 

1  (-17  ) 

NS* 

43  (-6  ) 

20  ( 

-7  ) 

2  (-17  ) 

3  (-19  ) 

15 

52  (  11  ) 

30  ( 

-1  ) 

10  (-12  ) 

10  (-12  ) 

3 

53  (  12  ) 

32  ( 

0  ) 

11  (-12  ) 

13  (-11  ) 

4 

45  (  7  ) 

17  ( 

-8  ) 

-4  (-20  ) 

-2  (-19  ) 

6 

38  (  3  ) 

21  ( 

-6  ) 

-3  (-19  ) 

-1  (-18  ) 

15 

10W-30  Lubricant/M85  Fuel 

31  (  -0.5) 

33  ( 

0.5) 

30  (  -  1  ) 

29  (  -  2  ) 

NS 

39  (  4  ) 

38  ( 

3  ) 

100  (  38  ) 

38  (  3  ) 

17 

23  (-5  ) 

24  ( 

-4  ) 

21  (-6  ) 

22  (  -  6  ) 

NS 

13  (-11  ) 

13  <- 

-11  ) 

13  (-11  ) 

13  (-11  ) 

NS 

34  (  1  ) 

35  ( 

2  ) 

32  (  0  ) 

32  (  0  ) 

NS 

35  (  2  ) 

36  ( 

2  ) 

33  (  0.5) 

34  (  1  ) 

NS 

37  (  3  ) 

37  ( 

3  ) 

36  (  2  ) 

36  (  2  ) 

NS 

44  (  7  ) 

45  ( 

7  ) 

41  (  5  ) 

42  (  6  ) 

40 

40  (  4  ) 

41  ( 

5  ) 

40  (  4  ) 

38  (  3  ) 

38 

S  =  No  Start. 

=  Dropped  from  analysis  due  to  experimental  error. 


COLD-STARTING  DATA  FOR  L-4  METHANOL  VEHICLE  (CONTD) 


m 

4 

| 

v'5?, 

^•T»l 

(I  •  1* 

I  *  t 

■fai 

X,« 


vv 

v.V 

■m 


Inlet  Air 
Temperature, 
°F(°C) 


Oil  Sump 
Temperature. 
°F(°C) 


Exhaust 

Temperature. 

°F(°C) 


Fuel 

Temperature. 

°F(^C) 


10W-30  Lubricant/M85  Fuel 


10W-30  Lubricant/M82  Fuel 


SAE  40  Lubricant/M85  Fuel.  Re-runs 


NS  =  No  Start. 

•  =  Dropped  from  analysis  due  to  experimental  error. 
ND=  No  Data. 


Cranking 

Time. 

Seconds 


47  ( 

8  ) 

47  ( 

8  > 

44  ( 

7  ) 

45  ( 

7  ) 

9 

33  ( 

0.5) 

33  ( 

0.5) 

31  ( 

0.5) 

31  ( 

0.5) 

NS 

37  ( 

3  ) 

37  ( 

3  ) 

36  ( 

2  ) 

35  ( 

2  ) 

24 

30  ( 

-1  ) 

31  ( 

0.5) 

28  ( 

-2  ) 

28  ( 

-2  ) 

NS 

31  (-0.5) 

32  (  0  ) 

30  (  -1  ) 

29  ( -  2  ) 

29 

31  (-0.5) 

34  (  1  ) 

114  (  46  ) 

30  (  -  1  ) 

92* 

23  (  -5  ) 

23  (  -5  ) 

117  (  47  ) 

18  (  -8  ) 

NS 

5  (-15  ) 

5  (-15  ) 

ND 

5  (-15  ) 

NS 

38  (  3  ) 

37  (  3  ) 

36  (  2  ) 

35  (  2  ) 

3 

24  (  -  4  ) 

24  (  -  4  ) 

100  (  38  ) 

22  (  -  6  ) 

55 

27  (  -  3  ) 

28  (  -2  ) 

26  (  3  ) 

24  (  -  4  ) 

10 

32  (  0  ) 

32  (  0  ) 

31  (  0.5) 

29  (  -  2  ) 

25 

33  (  0.5) 

33  (  0.5) 

33  (  0.5) 

31  (  -0.5) 

6 

42  (  6  ) 

42  (  6  ) 

42  (  6  ) 

41  (  5 

) 

22 

51  (  10  ) 

51  (  11  ) 

50  (  10  ) 

50  (  10 

) 

3 

33  (  0.5) 

33  (  0.5) 

30  (  -  1  ) 

30  (  -1 

) 

26 

28  (  -2  ) 

28  (  -  2  ) 

27  (  -  3  ) 

26  (  -  3 

) 

24 

24  (  -4  ) 

23  (  -  5  ) 

21  (  -6  ) 

21  (  -6 

) 

36 

19  (  -  7  ) 

19  (  -7  ) 

16  (  -9  ) 

16  (  -9 

) 

NS 

I 
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DISTRIBUTION  LIST 


DEPARTMENT  OF  DEFENSE 

DEFENSE  TECHNICAL  INFORMATION 


CJR 

CAMERON  STATION  12 

ALEXANDRIA  VA  22314 

DEPT.  OF  DEFENSE 
ATTN:  OASD/A&L  (EP) 

(MR  DYCKMAN)  1 

WASHINGTON  DC  20301-8000 

CDR 

DEFENSE  FUEL  SUPPLY  CTR 
ATTN:  DFSC-Q  (MR  MARTIN)  1 

DFSC-DF  (MR  FRENCH)  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6160 

DOD 

ATTN:  DUSDRE  (RAT)  (DR  DtX)  1 

ATTN:  ROOM  3-D-1089,  PENTAGON  1 
WASHINGTON  DC  20301 


CDR 

US  ARMY  TANK-AUTOMOTIVE  CMD 


ATTN:  AMSTA-RG  (MR  CHECKLICH)  1 

AMSTA-TSL  (MR  BURG)  1 

AMSTA-MTC  (MR  GAGLIO), 

AMSTA-MC,  AMSTA-MV  1 

AMSTA-RGP  (MR  RAGGIO/ 

mr  McCartney)  i 

AMSTA-MLF  (MR  KELLER)  1 

WARREN  MI  48397-5000 

DIRECTOR 

US  ARMY  MATERIEL  SYSTEMS 
ANALYSIS  ACTIVITY 

ATTN:  AMXSY-CM  (MR  NIEMEYER)  1 

ABERDEEN  PROVING  GROUND  MD 
21005-5006 


DIRECTOR 

US  ARMY  MATERIEL  CMD 
MATERIEL  SUPPORT  ACTIVITY 
ATTN:  AMXTB-T  (MR  STOLARICK)  1 
FORT  LEWIS  WA  98433 


DEFENSE  ADVANCED  RES  PROJ 
AGENCY 

DEFENSE  SCIENCES  OFC  1 

1400  WILSON  BLVD 
ARLINGTON  VA  22209 


HQ,  172D  INFANTRY  BRIGADE  (ALASKA) 
ATTN:  AFZT-DI-L  1 

AFZT-DI-M  1 

DIRECTORATE  OF  INDUSTRIAL 
OPERATIONS 

FORT  RICHARDSON  AK  99505 


DEPARTMENT  OF  THE  ARMY 


CDR 

U.S.  ARMY  BELVOIR  RESEARCH, 

DEVELOPMENT  <Jc  ENGINEERING  CTR 


ATTN:  STRBE-VF  10 

STRBE-BT  2 

FORT  BELVOIR  VA  22060-5606 

HG,  DEPT  OF  ARMY 

ATTN:  DALO-TSE  (COL  BLISS)  1 

DALO-TSZ-B  (MR  KOWALCZYK)  1 
DAMA-ARZ  (DR  CHURCH)  1 

DAMA-ART  (MR  APPEL)  I 

WASHINGTON  DC  20310-0005 

CDR 

US  ARMY  MATERIEL  COMMAND 
ATTN:  AMCDE-SS  1 

AMCSM-WST  1 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 


CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-F  (MR  ASHBROOK)  1 

STRGP-FE,  BLDG  85-3 

(MR  GARY  SMITH)  1 

STRGP-FT  (MR  FOSTER)  1 

NEW  CUMBERLAND  PA  17070-5008 

HQ,  DEPT.  OF  ARMY 

ATTN:  DAEN-DRM  1 

WASHINGTON  DC  20310 

CDR 

US  ARMY  LABORATORY  COMMAND 
ATTN:  AMSLC-AS-SE  (DR  ODOM)  1 

AMSLC-TP-PB  (DR  GONANO)  1 

AMSLC-TP-AL 

(LTC  SCHRADER)  1 

ADELPHI  MD  20783-1145 
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CDR 

US  ARMY  RES  &  STDZN  GROUP 
(EUROPE) 

ATTN:  AMXSN-UK-RA  (DR  OERTEL)  1 
AMXSN-UK-SE  1 

BOX  65 

FPO  NEW  YORK  09510 
CDR 

US  ARMY  FORCES  COMMAND 
ATTN:  AFLG-REG  1 

AFLG-POP  1 

FORT  MCPHERSON  GA  30330 

CDR 

US  ARMY  BALLISTIC  RESEARCH  LAB 
ATTN:  SLCBR-SE-D  (MR  THOMAS)  1 
ABERDEEN  PROVING  GROUND  MD 
21005-5006 

CDR 

US  ARMY  ABERDEEN  PROVING 
GROUND 

ATTN:  STEAP-MT-U  1 

ABERDEEN  PROVING  GROUND  MD 
21005 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN:  STEYP-MT-TL-M 

(MR  DOEBBLER)  1 

YUMA  AZ  85364-9103 

CDR 

US  ARMY  DEVELOPMENT  AND 
EMPLOYMENT  AGENCY 
ATTN:  MODE-FDD-CSSB 

(MAO  GROSSMAN)  1 

FT  LEWIS  VA  98433-5000 

PROJ  MGR,  MOBILE  ELECTRIC  POWER 
ATTN:  AMCPM-MEP-TM  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 

CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN:  AEAGG-FMD  1 

AEAGD-TE  1 

APO  NY  09403 

PROG  MGR,  TACTICAL  VEHICLE 
ATTN:  AMCPM-TV  1 

WARREN  MI  48397 


CDR 

THEATER  ARMY  MATERIAL  MGMT 
CENTER  (200TH)-DPGM 
DIRECTORATE  FOR  PETROL  MGMT 
ATTN:  AEAGD-MMC-PT-Q 
(MR  CARLONE) 

APO  NY  09052 

CDR 

US  ARMY  RESEARCH  OFC 
ATTN:  SLCRO-EG  (DR  MANN) 
SLCRO-CB 
P  O  BOX  12211 

RSCH  TRIANGLE  PARK  NC  27709-2211 
CDR 

TRADOC  COMBINED  ARMS  TEST 
ACTIVITY 
ATTN:  ATCT-CA 
FORT  HOOD  TX  76544 

CDR 

US  ARMY  DEPOT  SYSTEMS  CMD 
ATTN:  A MSDS-R M-EFO 
CHAMBERSBURG  PA  17201 

CDR 

US  ARMY  LEA 
ATTN:  DALO-LEP 
NEW  CUMBERLAND  ARMY  DEPOT 
NEW  CUMBERLAND  PA  17070 

HQ,  EUROPEAN  COMMAND 
ATTN:  J4/7-LJPO  (LTC  McCURRY) 
VAIHINGEN,  GE 
APO  NY  09128 

CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-PW  (MR  PRICE) 

BLDG  247,  DEFENSE  DEPOT  TRACY 
TRACY  CA  95376-5051 

CDR 

US  ARMY  ORDNANCE  CENTER  & 
SCHOOL 

ATTN:  ATSL-CD-CS 

ABERDEEN  PROVING  GROUND  MD 

21005 

TRADOC  LIAISON  OFFICE 
ATTN:  ATFE-LO-AV 
4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 
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CDR 

US  ARMY  FOREIGN  SCIENCE  &  TECH 
CENTER 

ATTN:  AIAST-RA-ST3  (MR  BUS1)  1 

AIAST-MT-1  1 

FEDERAL  BLDG 
CHARLOTTESVILLE  VA  22901 

HQ,  US  ARMY  T&E  COMMAND 
ATTN:  AMSTE-TO-O  1 

AMSTE-CM-R-O  1 

AMSTE-TE-T  (MR  RITONDO)  1 
ABERDEEN  PROVING  GROUND  MD 
21005-5006 

CDR,  US  ARMY  TROOP  SUPPORT 
COMMAND 

ATTN:  AMSTR-ME  1 

AMSTR-S  1 

AMSTR-E  1 

AMSTR-WL  (MR  BRADLEY)  1 
4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 

CDR 

CONSTRUCTION  ENG  RSCH  LAB 
ATTN:  CERL-EM  1 

CERL-ES  (MR  CASE)  1 

CERL-EH  1 

P  O  BOX  4005 
CHAMPAIGN  IL  61820 

CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CD  1 

ATSM-TD  1 

ATSM-PFS  (MR  ELLIOTT)  1 

FORT  LEE  VA  23801 

HQ 

US  ARMY  TRAINING  <5c  DOCTRINE  CMD 
ATTN:  ATCD-SL-5  1 

FORT  MONROE  VA  23651-5000 

CDR 

US  ARMY  NATICK  RES  &  DEV  CENTER 
ATTN:  STRNA-YE  (DR  KAPLAN)  I 

STRNA-U  1 

NATICK  MA  01760-5000 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN:  ATSP-CD-MS  (MR  HARNET)  1 
FORT  EUSTIS  VA  23604-5000 


PROJ  MGR,  PATRIOT  PROJ  OFFICE 
ATTN:  AMCPM-MD-T-C  1 

U.S.  ARMY  MISSILE  COMMAND 
REDSTONE  ARSENAL  AL  35898 

CDR 

US  ARMY  LOGISTICS  CTR 
ATTN:  ATCL-MS  (MR  A  MARSHALL)  1 

ATCL-C  1 

FORT  LEE  VA  23801-6000 

PROJECT  MANAGER 
PETROLEUM  &  WATER  LOGISTICS 
ATTN:  AMCPM-PWL  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 

CDR 

US  ARMY  ENGINEER  SCHOOL 
ATTN:  ATZA-TSM-G  1 

ATZA-CD  1 

FORT  BELVOIR  VA  22060-5606 

CHIEF,  U.S.  ARMY  LOGISTICS 
ASSISTANCE  OFFICE,  FORSCOM 
ATTN:  AMXLA-FO  (MR  PITTMAN)  1 

FT  MCPHERSON  GA  30330 

CDR 

US  ARMY  SAFETY  CENTER 

ATTN:  PESC-SSD  (MR  BUCHAN)  1 

FORT  RUCKER  AL  36362 

COMMANDER 

PRESIDIO  OF  SAN  FRANCISCO 
ATTN:  AFZM-DI-T  (MR  McMORRIS)  1 
SAN  FRANCISCO  CA  94129-5612 

COMMANDER 

7TH  INFANTRY  DIVISION  AND  FORT 
ORD 

ATTN:  AFZM-DI-TS  (MR  PENNY)  1 

FORT  ORD  CA  93941-5000 

COMMANDER 

US  ARMY  GENERAL  MATERIAL  AND 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-PW  (MR  PRICE)  1 

DEFENSE  DEPOT  TRACEY 
TRACEY  CA  95376 

COMMANDER 
SIERRA  ARMY  DEPOT 
ATTN:  SDSSI-DED  (MR  REYNOLDS)  I 

HERLOG  CA  96113 
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DEPARTMENT  OF  THE  NAVY  DEPARTMENT  OF  THE  AIR  FORCE 


CDR 

NAVAL  AIR  PROPULSION  CENTER 
ATTN:  PE-33  (MR  D'ORAZIO)  1 

P  O  BOX  7176 
TRENTON  N3  06828 

CDR 

DAVID  TAYLOR  NAVAL  SHIP  R<3cD  CTR 
ATTN:  CODE  2830  (MR  S1NGERMAN) 
CODE  2759  (MR  STRUCKO) 

CODE  2831 

ANNAPOLIS  MD  21402-5067 
CDR 

NAVAL  AIR  SYSTEMS  CMD 
ATTN:  CODE  53645  (MR  MEARNS) 
WASHINGTON  DC  20361 

CDR 

NAVAL  RESEARCH  LABORATORY 
ATTN:  CODE  6170 
CODE  6180 

CODE  6110  (DR  HARVEY) 
WASHINGTON  DC  20375-5000 

CDR 

NAVAL  FACILITIES  ENGR  CTR 
ATTN:  CODE  1202B  (MR  R  BURRIS) 

200  STOVAL  ST 
ALEXANDRIA  VA  22322 

COMMANDING  GENERAL 
US  MARINE  CORPS  DEVELOPMENT 
St  EDUCATION  COMMAND 
ATTN:  D074 
QUANTICO  VA  22134 

OFFICE  OF  THE  CHIEF  OF  NAVAL 
RESEARCH 
ATTN:  OCNR-126 
ARLINGTON  VA  22217-5000 

CHIEF  OF  NAVAL  OPERATIONS 
ATTN:  OP  413 
WASHINGTON  DC  20350 

CDR 

NAVY  PETROLEUM  OFC 
ATTN:  CODE  43  (MR  LONG) 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6180 


HQ,  USAF 

ATTN:  LEYSF  (COL  LEE)  1 

WASHINGTON  DC  20330 

HQ  AIR  FORCE  SYSTEMS  CMD 
ATTN:  AFSC/DLF  1 

ANDREWS  AFB  MD  20334 

1  CDR 

1  US  AIR  FORCE  WRIGHT  AERONAUTICAL 
1  LAB 

ATTN:  AFWAL/POSF  (MR  CHURCHILL)  1 
WRIGHT-PATTERSON  AFB  OH 
45433-6563 

1  CDR 

SAN  ANTONIO  AIR  LOGISTICS 
CTR 

ATTN:  SAALC/SFT  (MR  MAKRIS)  1 

SAALC/MMPRR  1 

1  KELLY  AIR  FORCE  BASE  TX  78241 

1 

1  CDR 

WARNER  ROBINS  AIR  LOGISTIC 
CTR 

ATTN:  WRALC/MMTV  (MR  GRAHAM)  1 
ROBINS  AFB  GA  31098 

1 

CDR 

USAF  3902  TRANSPORTATION 
SQUADRON 

ATTN:  LGTVP  (MR  VAUGHN)  1 

OFFUTT  AIR  FORCE  BASE  NE  68113 

1  CDR 
DET  29 

ATTN:  SA-ALC/SFM  1 

CAMERON  STATION 
ALEXANDRIA  VA  22314 

1 

OTHER  GOVERNMENT  AGENCIES 

1  NATIONAL  AERONAUTICS  AND 

SPACE  ADMINISTRATION  1 

LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 

1  DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 
ATTN:  AWS-110  1 

800  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20590 
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US  DEPARTMENT  OF  ENERGY 
CE-151,  ATTN:  MR  ECKLUND  1 

FORREST AL  BLDG. 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 

ENVIRONMENTAL  PROTECTION 
AGENCY 

AIR  POLLUTION  CONTROL  1 

2565  PLYMOUTH  ROAD 
ANN  ARBOR  MI  48105 

JET  PROPULSION  LABORATORY 
ATTN:  MR  BATTENBURG  1 

MR  BRYANT  1 

4800  OAK  GROVE  DRIVE 
PASADENA  CA  91109 


OTHERS 

OAK  RIDGE  NATIONAL  LABORATORY 
ATTN:  MR  McGILL  1 

PO  BOX  Y 

OAK  RIDGE  TN  37831 
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